in each UIM to alanine (S219A/E222A-⌬UIM1; S262A/ Molecular mechanisms underlying the sorting process E265A-⌬UIM2; double mutant S219A/E222A/S262A/ only recently began to emerge and rely on a coopera-E265A-⌬UIM) ( Figure 1B ). Mutation of UIM1 had only tion of chaperone machineries and ubiquitin-chain rea minor effect on growth in the two-hybrid assay, cognition factors [1-3]. Here, we identify isoforms of whereas mutation of UIM2 significantly reduced growth the cochaperone HSJ1 as neuronal shuttling factors ( Figure 1D ). Interaction with the ubiquitin fusion profor ubiquitylated proteins. HSJ1 combines a J-domain teins was abolished when both UIMs were mutated. that stimulates substrate loading onto the Hsc70 UIM-dependent recognition of ubiquitin moieties was chaperone with ubiquitin interaction motifs (UIMs) inconfirmed in vitro with purified components ( Figure 1E ). volved in binding ubiquitylated chaperone clients.
teasomal sorting of chaperone clients. Upon overexand also the UIM-deficient mutant form stimulated CHIP-mediated ubiquitylation ( Figure 3A ). This was expression of CHIP, the modified form of HSJ1a became more abundant and could be detected with an antipected because ⌬UIM retains the ability to promote substrate loading onto Hsc70 owing to its functional ubiquitin antibody ( Figures 2B and 2C, arrow) . This identifies HSJ1a as a cellular target of CHIP. However, J-domain and intrinsic chaperone activity. However, HSJ1a displayed a more pronounced stimulating activ-CHIP did not induce HSJ1a degradation, and HSJ1a levels were not increased upon proteasome inhibition ity than ⌬UIM. UIM-mediated binding of HSJ1a to CHIP-generated ubiquitin chains seems to increase the ( Figures 2D and 2E ). We hypothesize, therefore, that CHIP-mediated ubiquitylation of HSJ1 does not reguprocessivity of ubiquitylation within the assembled chaperone/cochaperone complex. late HSJ1 degradation but promotes client sorting to the proteasome. That HSJ1-associated client proteins
We entertained the hypothesis that binding of HSJ1 to polyubiquitin chains may protect those chains are, in fact, on a sorting pathway to the proteasome is evident from the increased association observed upon against trimming by ubiquitin hydrolases, similar to observations for other ubiquitin binding factors [23] . To proteasome inhibition ( Figure 2E) .
In vitro assays were performed to elucidate a potenverify this hypothesis, we generated ubiquitylated Raf-1 in vitro in the presence of the CHIP ubiquitin conjugatial modulating activity of HSJ1 on CHIP-mediated ubiquitylation. As previously established, CHIP coopertion machinery and Hsc70 and then added the ubiquitin hydrolase UBP1 [24] . Ubiquitin chains attached to the ates with the ubiquitin-conjugating enzyme UbcH5b in mediating ubiquitylation of the protein kinase Raf-1 chaperone client were shortened by UBP1 ( Figure 3B ). Intriguingly, HSJ1 efficiently protected chains against when presented by Hsc70 [17, 19] . In this assay, HSJ1a Figure S1 ). in neuronal cells, and a further reduction was observed upon coexpression of CHIP. In contrast, CHIP alone or Quantitative assessment revealed that coexpression of HSJ1a led to a significant reduction in the incidence of CHIP in combination with the ⌬UIM mutant did not result in a significant decrease of filter-trapped Q103 (Figinclusions (p < 0.0001) (Figure 4C ). ER-associated HSJ1b had no effect, unless it was released from the ure 4E). J-proteins were previously shown to fulfill protective functions in experimental models of protein cytoplasmic face of the ER through a mutation that interferes with its C-terminal geranylgeranylation (C321S). tion by the diverse ubiquitin-chain and ubiquitindomain receptors present in the regulatory particle of
